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Our study regards the contents of trace elements in the apple tree cultivated soils within the area of the 
Fălticeni orchards, located in the NE of Romania. A total of 19 soil samples were analysed , from which 9 (FS1 to FS9) 
by EDXRF for determining the contents of As, Cd, Co, Cr, Cu, Fe, Mn, Ni, Pb, Zn as well as the pH. The other 10 
samples (FMR1 – FMR10) were sampled from the area of the Research and Production Centre for Fruit-Growing from 
Fălticeni (RPCFG) and were analysed by AAS for determining the Co, Cr, Cu, Fe, Mn, Ni, Pb and Zn contents. Also, 
for the samples FMR1 to FMR10 the pH was determined in aqueous solution and KCl solution, as well as the TDS and 
% CaCO3. The results have shown concentrations of As, Cu, Pb and Ni that exceed the maximum values admitted by 
Romanian legislation. The pH of the samples from RPCFG indicates an acid environment, which together with the high 
contents in some trace elements can affect the bioavailability, generating a risk of accumulating these elements in the 
apple fruits. 
 






The use of pesticides in agriculture has lead 
to a considerable increase in copper, arsenic, lead 
and mercury contents in soils. The concentration of 
Cu in orchard soils increases with time and with the 
quantity of fungicides based on Cu that are used in 
orchards [10]. The long time use of fertilisers based 
on phosphorus can generate a significant 
accumulation of Cd in soil.  
In the composition of pesticides very high 
amounts of heavy metals such as As, Cu, Zn, Mn, 
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These pesticides may contain As 0.8 – 60 
mg/kg, Cu 4 – 56 mg/kg, Hg 0.6 – 42 mg/kg, Mn 1–
17 mg/kg, Pb 11 – 60 mg/kg, and Zn 1 – 30 mg/kg 
[9]. Usually, the effects of trace elements on crops 
consist of two aspects. One is element deficiency 
like Fe, Mn, Mo, Zn, Cu, and so on, while the other 
is toxicity like heavy metal contaminants Hg, Pb, 
Cd, As, Cr, Ni [6]. 
The area from which the soil samples FS1 to 
FS9 were collected (fig.1) is part of the area of the 
fruit-growing basin of Fălticeni, and the soil 
samples FMR1 to FMR10 were taken from the area 
that is under the authority of Research and 
Production Centre for Fruit-Growing Fălticeni. The 
study area is located in the Suceava County, NE of 
Romania. The Suceava County’s fruit growing area 
(Romania) was comprised, in 2008, of no less than 
2,738 hectares of orchards.  
Available online at  
www.proenvironment.ro 
 




 ProEnvironment 5 (2012) 43 - 48  
43 






Figure 1. Sampling sites locations the apple-growing are of Fălticeni, NE of Romania. 
 
 
According to the officials of the Direction for 
Agriculture and Rural Development, the most 
known fruit growing areas are Fălticeni, Rădăşeni, 
Horodniceni, Preuteşti, Vultureşti, Fîntîna Mare, 
Udeşti and Arbore-Caşvana-Solca. In a classic 
system, the apple tree occupies 1,139 hectares. The 
orchard cultivated with apple trees which are 
intensively cultivated spans on just 749 hectares. 
RPCFG was founded in 1957, having an active 
functioning period of more than 50 years. The 
subcarpathian area in which RPCFG is located is 
characterised generally by a hilly relief, with 
moderate-fertility or low-fertility soils, that are most 
of the time affected by different stages of erosion 
both at the surface and below the surface [11].  
From a geological point of view, the area of 
Fălticeni is characterised by Sarmatian inferior aged 
deposits, represented by clay, sandy clay and fine 
yellowish and greyish sands with frequent 
intercalations of sandstone and marl. The soils 
within the fruit-growing basin of Fălticeni belong to 





Within this paper, there are results obtained 
by analysing a number of 19 soil samples: 
 9 of the analysed soil samples (FS1 to FS9) 
were taken in July 2009 from apple tree 
cultivated orchards from the Fălticeni area, 
determining the contents of As, Cd, Co, Cr, 
Cu, Fe, Mn, Ni, Pb, Zn + pHH2O; 
 The other 10 samples of soil (FMR1 to 
FMR10) were collected in 2011, from the 
middle of the apple tree rows in the area 
administered by RPCFG. From these samples, 
we determined the content of Cd, Co, Cr, Cu, 
Fe, Mn, Ni, Pb, and Zn, + pHH2O, pHKCl, TDS, 
Eh and CaCO3.  
The data obtained from analysing the first set 
of samples were used to compare and integrate the 
obtained results from the second sample set. The pH 
measurements were conducted by using a pH-meter 
model pH-Meter Basic 20+ and a couple of 
electrodes: calomel (used as reference) and pH 
electrode. The Eh values were obtained with a 
potentiometer model ”pH-100” and a couple of 
electrodes: calomel (for reference) and platinum. 
For determining % CaCO3, a Bernard calcimeter 
was used, while the TDS values (total dissolved 
salts) were obtained by transforming the values of 
conductivity of the soil solution, according to the 
relation: 1mg/kg TDS = 1.56 µS. The analysis of the 
samples was done by Atomic Absorption 
Spectrometry, which was performed at the National 




Institute of Research and Development for 
Pedology, Agrochemistry and Environment 
Protection. The samples were initially dissolved in 
concentrated HNO3 and concentrated HClO4 [1]. 
1 – 5 g of sample were treated at room 
temperature (for approximately 4 hours) with 10 mL 
of concentrated HNO3 and then on a sand - bath at 
250 – 300 oC until dry; the obtained residuum was 
retreated with 5 ml of HNO3 and 5 ml of HClO4 2%. 
Then, the acidic extract was filtered and brought to a 
100 ml flask with twice distilled water. The 
chemical analysis of heavy metals (Cd, Co, Cr, Cu, 
Fe, Mn, Ni, Pb, and Zn) and As for FS1-FS9 
samples was done by XRF, using an EDXRF 
Epsylon 5 Spectrometer from Department of 
Geology, Iaşi University. The mineralogical 
analysis for FMR1 and FMR2 samples was 
performed by XRD at Federal Institute for 
Geosciences and Natural Resources Hanover. 
Statistical parameters and graphical 
representation were made using STATISTICA 8 and 
ArcGis 9.3 software’s. 
 
 
3. Results and Discussions 
 
In the case of the samples from FMR1 to 
FMR10, the average contents of Cd, Co, Cr, Mn and 
Zn don’t exceed the maximum admitted contents 
(MAC) established through OG 756/1997 [12].  
Exceeding  of  the MAC was observed for the  
 
 
average contents of Cu (41.81 mg/kg), Pb (21.93 
mg/kg) and Ni (28.57 mg/kg).The pH measurements 
generally show a high acidity of the soil, with 
average values of 5.42. Only in case of two samples 
(FMR1 and FMR2) is the pH higher, with values 
that exceed 7 pH units. For these two samples, the 
TDS was over 5 times higher compared to the 
average TDS of 36.03 mg/kg. CaCO3 is represented 
through average contents of up to 1%. In close 
correlation with the high pH and high TDS for the 
samples FMR1 and FMR2, the percent of 
carbonates in the soil is of 18.40% and respectively 
26.41%. These two samples which have high values 
for pH, TDS and also a high carbonate percentage 
were collected from an area that has a much lower 
altitude compared to the sampling points of the 
other FMR samples. The most likely explanation for 
this anomaly is the presence the rendzinic phaeozem 
soil type in the area of the Fălticeni fruit - growing 
basin, the presence of the calcium-enriched 
substrates and argillaceous marls has been 
previously reported by Costan Gh. and Aurica 
Botez, 1962 [3]. Beside the average contents, in 
table 1 and table 2 the standard deviation, median 
and median absolute deviation for the analysed 
samples are shown, the last two values can suggest a 
geochemical background and threshold that fits the 
recommendations of Reimann et al. [8]. The 
relatively low number of determinations suggests 
that the statistically determined values can have 
only an informative character. 
 
 
Table 1. Mean value for trace elements in FMR1-FMR10 samples, geochemical background* and the thresholds from 
Romanian legislation, mg/kg [12] 
 Valid N Mean ± 2*SD Median ± 2*MAD MAC ATTSu  
Cd 9 0.11 ± 0.07 0.11 ± 0.04 1 3 
Co 10 12.37 ± 4.83 11.78 ± 2.17 15 30 
Cr 9 16.79 ± 6.67 16.00 ± 2.94 30 100 
Cu 10 41.81 ± 27.79 35.94 ± 16.23 20 100 
Fe 10 19635.04 ± 8562.46 20734.57 ± 4063.19 - - 
Mn 10 659.42 ± 245.54 649.46 ± 181.60 900 1500 
Ni 10 28.57 ± 14.91 30.40 ± 8.82 20 75 
Pb 10 21.93 ± 5.74 22.39 ± 4.16 20 50 
Zn 9 64.94 ± 24.24 61.47 ± 13.01 100 300 
pH 8 5.42 ± 0.71 5.42  ± 0.68 - - 
pHKCl 8 4.47 ± 0.88 4.37 ± 0.22 - - 
Eh 10 0.23 ± 0.06 0.21 ± 0.04 - - 
TDS 8 36.03 ± 25.42 37.08 ± 20.13 - - 
CaCO3 8 0.80 ± 0.48 0.85 ± 0.44 - - 
MAC – maximum accepted concentrations; ATTSu – alert threshold for the terrain with sensitive use (OG  
756-1997); SD – standard deviation; MAD – median absolute deviation; 
* - geochemical background was determined after C. Reimann et al. [8], in Median ± 2*MAD interval 
 




The samples FS1 to FS9, taken from the 
orchards around the Fălticeni municipality show 
average contents below maximum accepted 
concentrations for Cd, Co, Mn, Pb and Zn.  
The other analysed elements As, Cu, Cr and 
Ni show average contents of 12.86 mg/kg, 44.26 
mg/kg, 59.14 mg/kg and 35.59 mg/kg, these values 
being over the MAC.  
The Fe contents are close to those determined 
for the FMR sample group and are of approximately 
2 %. The average pH of 6.19 reveals a slightly acid 
environment for the FS samples. Respecting to the 
FMR samples the pH is less acid.  
The acid pH of 5.42 for the samples collected 
from RPCFG (average value on FMR set) can be an 
alarm signal for some remediation measures 
regarding this issue who can affect in large 
proportion the availability of nutrients in soil. The 
data   in   general   shows   that   there are no major 
differences between the average concentrations 
ofCu, Co, Ni, Pb, Mn and Zn in the two sets of 
samples. Anyhow, the contents for Cd and Cr are 3 
to 4 times bigger in the FS samples respecting to 
FMR samples. Most probable source of this gap 
may be the different method used to determine the 
trace elements concentration in the two sample 
groups. Similar studies present contents of heavy 
metals with a high variability in the soils of apple-
tree orchards around the globe. Dubovnik [5], 
through a study of the concentrations of heavy 
metals in the soil – leaf – fruit  system from Tambov 
Oblast has determined very low average contents of 
Pb, Cd and As in a chernozem meadow type soil 
samples, of 0.68 mg/kg, 0.31 mg/kg and 
respectively 2.31 mg/kg. Through determinations 
conducted on 11 apple growing areas from China, 
Dong et al. [4] reports contents of As (12.10 mg/kg), 
Cu (34.58 mg/kg), Zn (80.41 mg/kg), Pb (49.99 
mg/kg) and Cr (53.46 mg/kg) that are similar to 
those shown in our study. 
 
 
Table 2. Mean value for trace elements in FS1-FS9 samples, geochemical background* and the thresholds from 
Romanian legislation mg/kg [12] 
 Valid N Mean ± 2*SD Median ± 2*MAD MAC ATTSu  
Cd 9 0.54 ± 0.25 0.52 ± 0.21 1 3 
Co 9 11.31 ± 2.45 11.20 ± 1.5 15 30 
Cr 9 59.14 ± 12.10 57.65 ± 7.8 30 100 
Cu 8 44.26 ± 33.00 39.83 ± 22.2 20 100 
Fe 9 20178.17 ± 9344.85 19166.50 ± 3452 - - 
Mn 8 623.56 ± 176.09 652.25 ± 103.5 900 1500 
Ni 8 35.59 ± 10.46 36.15 ± 3 20 75 
Pb 9 17.93 ± 4.78 17.85 ± 2.5 20 50 
Zn 9 69.84 ± 25.36 63.90 ± 9.9 100 300 
As 8 12.86 ± 2.32 13.30 ± 1.2 5 15 
pH 9 6.19 ± 2.27 6.01 ± 1.74 - - 
MAC – maximum accepted concentrations; ATTSu – alert threshold for the terrain with sensitive use (OG 756-1997); SD – standard deviation; MAD 
– median absolute deviation; 




In order to obtain the average values, median, 
standard deviation and median absolute, the 
outliers/extreme values were removed with the help 
of Box-plot diagrams (fig. 2).  
The values which are considered outliers/extreme are 
shown in table 3. The outliers/extreme values for the 
4 parameters (pH, pHKCl, TDS, CaCO3) determined 
in FMR1 and FMR2 samples are in a strong 
correlation, high percentage of carbonates was 
confirmed by the 2      
high values of the pH; high values of soil 
solution conductivity show high concentrations of 
TDS. XRD analysis identified calcite as a primary  
Figure. 2 Exemple of Box Plot diagram for As (FS1-FS9 















mineral beside quartz, as secondary minerals 
feldspar, muscovite, illite and chlorit were 
determined.  
Natural   source   of   calcite   is   the    most 
 probable hypothesis. In soils of apple growing 
basin of Fălticeni has been reported a high 
calcium concentrations and argillaceous marls in 
the bedrock [3]. 
  
 





The obtained results show average contents of 
As, Cr, Cu, Pb and Ni that exceed the MAC 
established trough Romanian legislation (OG 
756/1997). More precisely Cu, Pb, Ni for the soils 
from RPCFG and respectively As, Cu, Cr, Ni for 
soils from orchards all around the Fălticeni apple 
growing area.  
 The acid pH determined for the samples 
from RPCFG, together with the high average values 
for some elements can make available a bigger 
quantity of toxic heavy metals for the apple fruits. 
Generating possible high concentrations and/or over 
the MAC in the fruit. 
The extremely high carbonate contents from 
the two samples – FMR1 (18.4%) and FMR2 
(26.4%) have been attributed to the presence of 
calcium and argillaceous marls in some soils of the 
studied area. The XRD analysis conducted on the 
two samples show the calcite as the primary 
mineral, alongside quartz. 
The results presented in this paper represent 
the starting point of a much more extensive study on 
the RPCFG area, in order to determine a 
geochemical background and a distribution of 
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